Ab initio many-electron study for the low-lying states of the alkali hydride cations in the adiabatic representation J. Chem. Phys. 136, 124304 (2012); 10.1063/1.3695997
I. INTRODUCTION
Application of high-level quantum methods to fundamental types of molecular interactions leads to an increased understanding of the forces between interacting molecules, and fuels the development of more computationally tractable quantitative models that can be applied efficiently to larger chemical systems and over a broader range of configurational space. Current-generation ''molecular mechanical'' force fields almost uniformly rely on quantum chemical calculations for at least part of their parametrization.
1-4 Some force fields use quantum mechanical calculations almost exclusively to determine molecular mechanical parameters. 5 Others put forth considerable effort to adjust, in addition, a relatively small number of parameters based on bulk simulations, albeit for mixtures of only a few components. 6 A promising class of next-generation force fields are those based on the principle of chemical potential equalization, [7] [8] [9] which are derivable from density functional theory assuming a smooth Taylor series expansion of the density functional to second order in the density response. A challenging test for new-generation models is the treatment of charge transfer. Studies employing statistical mechanical arguments 10, 11 and charge-constrained electronic structure methods 12 suggest that a smooth energy model may not be adequate to accurately describe charge transfer events.
Gas phase alkali halides represent a set of prototypical systems to study charge transfer and have been the subject of numerous theoretical [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] and experimental [33] [34] [35] [36] [37] studies. These systems are dominated by ionic character at close separation and are well characterized as neutral atoms at large separation. The two lowest 1 ⌺ ϩ states undergo an avoided crossing at some distance ͑referred to as the crossing distance͒ and is marked by a sharp change in the dipole moment of the system. The crossing distances of alkali halide systems are fairly large ͑Ϸ13.7-17.8 bohr͒ and can be estimated from a simple few experimentally measurable quantities atomic/ionic properties ͑see EPAPS supplementary material 38 ͒. A commonly applied approximate relationship for the crossing distance R c ͑in the absence of applied fields͒ can be derived from the Rittner potential, 14, 15, 28 and is given by
where ␣ M ϩ and ␣ X Ϫ are the alkali metal (M ϩ ) and halide (X Ϫ ) ion polarizabilities, respectively, and ⌬E ϱ is the difference between the asymptotic values of the energy of the neutral and ionic states at infinite separation, i.e., ⌬E ϱ ϭIP(M)ϪEA(X) where IP͑M͒ is the ionization potential of the alkali metal and EA͑X͒ is the electron affinity of the halogen. The crossing distance R c appears on both sides of Eq. ͑1͒, and hence is solved iteratively ͑Note: atomic units are used here, and consequently the units of charge do not appear explicitly.͒ Discussion of a more general model for the energy difference of diabatic states and crossing distance in the presence of an applied field is provided as supplementary material. 38 A purpose of this work is to provide highly accurate benchmark adiabatic potential energy, dipole, and polarizability surfaces for LiF, LiCl, NaF, and NaCl with and without application of external electric fields. These properties serve as an important set of benchmarks for prototypical electron transfer systems, and can be used to develop and test a͒ Author to whom all correspondence should be addressed. Electronic mail: york@chem.umn.edu many-body force fields that include new models for charge transfer.
A large amount of attention has been spent on the prediction of properties in the limit of a complete basis set ͑CBS͒ based on extrapolation, including studies with particular emphasis on the prediction of equilibrium geometries. 42, 46, [53] [54] [55] 57, 67 The CBS procedure most commonly employed involves the determination of a particular property value at a series of basis sets that form a systematic hierarchy, and use those calculated values to directly extrapolate to the basis set limit. However, many properties are related to the potential energy surface ͑PES͒ or its derivatives ͑such as the dipole surface͒. Consequently, an alternate procedure is to determine the CBS extrapolated PES, from which an estimate of the property values in the CBS limit can be derived. The latter procedure was found to provide highly accurate rotational and vibrational spectroscopic observables for NaH and NaD. 58 A purpose of this work is to analyze the degree to which these two procedures produce similar predictions for property values in the CBS limit in application to alkali halide systems.
Work involving the extrapolation of entire PESs has been performed, 55, 58, 61, 68 and have the most relevance for applications to reaction dynamics and the design of newgeneration quantum models for molecular simulations. Some attention has been spent on the extrapolation of nonenergetic surfaces such as dipole moment and polarizability 58 and on the extrapolation of entire ground and excited state PESs. 61 Alkali halide dimers in the gas phase exhibit a weakly avoided crossing and require special attention when extrapolating adiabatic surfaces ͑energetic, dipole, etc.͒ in the region of the crossing distance. The extrapolation of alkali halide adiabatic data on a grid of internuclear separation is not reliable; the avoided crossing is sensitive to basis set and causes significant changes in the behavior of the surfaces. A purpose of this work is to further the extrapolation procedures used by others 55, 58, 61, 68 to determine CBS extrapolated ground and excited state adiabatic potential, dipole, and polarizability surfaces for alkali halide systems.
Curve crossing events of alkali halide systems have been well-studied with theoretical methods in the past. Bauschlicher and Langhoff 13 examined the energies and dipole moments of LiF using full configuration interaction ͑FCI͒, complete active space self consistent field ͑CASSCF͒, multireference configuration interaction ͑MRCI͒, stateaveraged CASSCF ͑SA-CASSCF͒ using equal weights for the ionic and neutral solutions, and MRCI based on SA-CASSCF optimized orbitals, notated here as SA-MRCI. The authors found FCI to produce smooth dipole surfaces and CASSCF and MRCI to contain discontinuities. The discontinuities were found to vanish when a state averaging process was used in the CASSCF procedure, but the result predicted crossing distances that were systematically too small when compared to values derived from the Rittner potential. 14 
Sousa et al.
14 studied the electric field effects of LiF, LiCl, NaF, and NaCl using the then recently developed 69 multistate complete active space second-order perturbation theory ͑MS-CASPT2͒ and compared crossing distances to a modified form of the Rittner potential. The crossing distance as approximated through the modified Rittner potential ͓Eq. ͑2͒ of Sousa et al. 14 ͔ takes into consideration applied electric fields and was found to agree reasonably well with the MS-CASPT2 results. The authors found a LiF crossing distance closer to that predicted by the Rittner potential than, but still close to the SA-MRCI prediction of Bauschlicher and Langhoff. 13 Werner and Meyer 15 have noted the importance of being able to reproduce the quantity ⌬E ϱ in order to calculate reasonable values of the crossing distance. Both Sousa et al. 14 and Bauschlicher and Langhoff 13 took great care in their choice of basis, but still calculated LiF crossing distances slightly smaller than those derived from the Rittner potential using experimental values for the ionization energy and electron affinity. In the present study, CBS extrapolations may be useful in resolving discrepancies in the predicted and calculated crossing distances.
The outline of the paper follows: Section II describes the ab initio calculations and CBS extrapolations used in this work. Section III discusses the calculation results and compares the two applied CBS extrapolation procedures with each other and with results reported previously in the literature. Section IV concludes by summarizing the results of the paper.
II. METHODS

A. Ab initio reference data
Ab initio calculations were performed on LiF, LiCl, NaF, and NaCl at 70 internuclear separations with Ϫ0.0005, 0.0000, and 0.0005 a.u. fields along the internuclear axis. The orientation of the molecule relative to the applied electric field is such that the negative field stabilizes the neutral state and the positive field stabilizes the ionic state. This orientation was chosen to conform with those used in related studies.
14 SA-CASSCF calculations were performed with equal weighting of the two lowest 1 ⌺ ϩ states. The active space used to construct the SA-CASSCF wave function consists of eight orbitals and eight electrons. The active orbitals are described from the irreducible symmetry representation of the C 2v point group (a 1 ,b 1 ,b 2 ,a 2 ) as ͑4, 2, 2, 0͒. The SA-CASSCF wave function was subsequently used in a MRCI calculation, the results of which are refered to as SA-MRCI. A series of correlation consistent basis sets [70] [71] [72] were used for the alkali metal in conjunction with singly augmented correlation consistent basis sets 70, 73, 74 for the halide. For a given ''cardinal index,'' X, the basis used was ccpVXZ/aug-cc-pVXZ for the alkali metal/halide, respectively. The cardinal indices used were ''T, Q, 5'' in common notation or ''3, 4, 5'' in the numerical notation used in CBS extrapolation methods. Within the text, the shorthand notation aXZ will be used to refer to the split basis. Inclusion of augmentation functions on the alkali metal was examined and found to play a negligible role in the relevant atomic properties of the metal. For a given dimer and field, a consistent set of internuclear separations were used with respect to cardinal index. A list of the exact internuclear separations used for each dimer and field are provided in the supplementary material. 38 All calculations were performed with the MOLPRO 2000 75 software program.
B. Complete basis limit extrapolation procedures
Direct extrapolation of properties
From the series of ab initio calculated surfaces, a series of properties, e.g., equilibrium separation (R e ), disassociation energy (D e ), etc., can be extrapolated to the CBS limit. Two common extrapolation forms are considered here: the mixed Gaussian/exponential form of Woon and Dunning 43, 44 (CBS MIX ) and the exponential form suggested by Feller [39] [40] [41] (CBS EXP ).
In both of the CBS extrapolation procedures, the property of interest at a given basis-set level is modeled by a parametric form. The parameters, one of which corresponds to the property value at the CBS limit, are obtained by a nonlinear minimization procedure of a 2 function of the
where CBS ͑the optimized value of A CBS providing the CBS limit value͒, or by derivation from the CBS potential energy curve E CBS (r). To distinguish the CBS property values determined from these two procedures, the values of the latter ͑i.e., the value of the property from the CBS extrapolated surface͒ will henceforth be superscripted with an asterisk ͑e.g., A CBS *).
The mixed Gaussian/exponential scheme used here, denoted CBS MIX , was first suggested by Woon and Dunning, 43, 44 and has the form
where A CBS MIX is the CBS limit value estimated from the '' CBS MIX '' extrapolation scheme, and, as mentioned earlier, the index x corresponds to the cardinal index 76 of the basis. .
͑4͒
As before, x is the ''cardinal index'' of the basis, A CBS EXP is the estimated CBS limit value for property A, and B
CBS EXP
and C CBS EXP are parameters determined through the optimization of Eq. ͑2͒.
Extrapolation of adiabatic surfaces from the diabatic representation
The two lowest adiabatic energies, molecular dipole moments, and transition dipole moments were calculated at each internuclear separation. The avoided crossing exhibited by these systems result in large changes in the qualitative and quantitative trends in the values of these properties near the crossing distance. The location of the crossing distance is extremely sensitive to basis quality, and direct CBS extrapolation of the adiabatic data is of questionable reliability in this region of the PES. A simple two-state model can be used to construct a set of diabatic states ͑see the following͒ that are stable and smooth, even in the region of the crossing distance, and can be used to construct an accurate, robust CBS extrapolation procedure for the systems in the present work.
Let the wave functions of the two lowest 1 ⌺ ϩ states in the adiabatic representations be designated 
where ⌿ i ad and ⌿ i d are 2ϫ1 column vectors of the adiabatic and diabatic wave functions, respectively, represented in the basis of the adiabatic wave functions, and U is the unitary transformation that relates them. The procedure for determination of the unitary transformation matrix follows that suggested by Werner and Meyer, 15 and uses the physical interpretation that, in the case of an alkali halide dimer oriented along the z direction, the atomic and ionic diabatic states can be distinguished by their molecular dipole moments. The adiabatic dipole and Hamiltonian matrices, D ad and A ad , are defined as
where ẑ is the dipole operator for the dimer system oriented in the z direction that results in a nondiagonal matrix ͑the diagonal elements being the ground and excited state molecular dipole moments, and the off-diagonal elements being the transition dipole moment͒, and Ĥ is the Hamiltonian operator that, in the basis of the adiabatic wave functions, results in a diagonal matrix of the adiabatic state energies. Under the assumptions of the diabatic model, the dipole matrix in the diabatic representation, D d , is diagonal, and the Hamiltonian matrix is no longer diagonal, but contains offdiagonal coupling matrix elements. The matrix defining the unitary transformation ͑U͒ that relates the adiabatic and diabatic states is constructed from the eigenvectors of the adiabatic dipole matrix 15 ͑i.e., the transformation that diagonalizes D ad ). The diabatic representation ͑i.e., the diagonal dipole matrix and nondiagonal Hamiltonian matrix͒ is thus defined as
The adiabatic matrices D ad and H ad are available from the electronic structure calculations at each basis set level, and are used to generate the corresponding diabatic matrices D 
III. RESULTS AND DISCUSSION
A. Basis set convergence
The following describes the basis set convergence of molecular and ionic properties, and of the adiabatic potential energy and dipole surfaces in the presence and absence of applied fields.
Convergence of properties with respect to basis set
Tables I-IV compare properties calculated at aTZ, aQZ, and a5Z basis set levels and calculated with several CBS extrapolation forms ͑''MIX'' and ''EXP''͒ and procedures ͑direct and indirect ''*''͒. The properties considered are the zero-crossing distance along the ground state repulsive wall ͑͒, equilibrium separation (R e ), dissociation energy (D e ), ground state dipole moment expectation value evaluated at the equilibrium separation ( eq ), crossing distance ͑defined as the distance at which the two diabatic energies are equal͒ (R c ), diabatic coupling constant at the crossing distance (H 12 ), and the ''model'' value of the crossing distance (R c ) based on the asymptotic energy difference between the two electronic states at infinite separation in the absence of applied fields. The asymptotic limit of the energy difference (⌬E ϱ ) was found by fitting the tail of the ''atomic'' and ''ionic'' diabatic energies ͑without applied electric fields͒ to r Ϫ6 and r Ϫ1 functions, respectively. R c is related to ⌬E ϱ by R c ϭ 2
R c is determined solely from the asymptotic energy difference and is thus useful for comparison against R c to address the observations of Werner and Meyer 15 regarding the close relationship between the energy gap and observed crossing distance.
Most properties exhibit monotonic behavior with increasing basis set; however, there are some notable exceptions. Almost all of the examples of nonmonotonic behavior occur in the presence of applied fields. The most prominent example is with LiF where almost all of the ''equilibrium'' properties, i.e., those associated with the minimum on the PES, show nonmonotonic convergence with basis set ͑the exception being D e at Ϫ0.0005 a.u. field͒. Other less prominent examples occur with the eq and R c values for LiCl with negative applied field. The only significant example of nonmonotonic behavior of properties that occurs at zero applied field is the values for NaF ͑2.653, 2.677, and 2.656 bohr at the aTZ, aQZ, and a5Z basis set levels, respectively͒.
Examination of the variation of the property values with basis set ͑independent of whether that variation is monotonic or not͒ reveals certain trends. The LiCl and NaCl systems appear to be particularly systematic in the range of variation or property values with respect to basis set, regardless of applied field. The geometrical properties and R eq show relatively small variation with basis set, with the R eq values more tightly converged. With the exception of LiF, the values of and R eq at different basis sets span a range of approximately 0.02 and 0.01 bohr, respectively. For LiF, the variation of and R eq values in the presence of applied field shows significantly larger variation ͑approximately 0.14 and 0.09 bohr, respectively͒. Basis set variation of D e and eq values span a range of approximately 5 mE h and 0.02 a.u., respectively. Values of R c show larger basis set variation with applied field along the dipole axis ͑i.e., as the ionic states become stabilized and R c itself becomes larger͒, and the diabatic coupling constant at the crossing distance (H 12 ) show correspondingly lower variation. In the case of NaF, the R c values for 0.0005 a.u. applied field range from 14 to 20 bohr going from aTZ-a5Z basis sets.
Section III B 2 continues a discussion of Tables I-IV as it relates to the CBS extrapolation procedures.
Convergence of adiabatic surfaces
To illustrate the convergence trends of the potential energy and dipole surfaces with respect to basis set and CBS extrapolation procedure, figures will focus on LiCl as an example ͑the other plots look qualitatively very similar͒. The tables present a complete set of results for all the properties. Figure 1 illustrates the convergence of the adiabatic PESs of LiCl ͑without applied electric fields͒ with respect to basis set and form of CBS extrapolation method ͑MIX/EXP͒. The left panel shows the convergence of the ground state near the equilibrium distance and the right panel shows the two lowest 1 ⌺ ϩ adiabatic energies near the avoided crossing. The shorthand notation ''aXZ'' is used to denote the split cc-pVXZ/aug-cc-pVXZ basis discussed in Sec. II A. With increasing basis, the ground state energy near the equilibrium separation converges readily, i.e., the location of the equilibrium separation does not significantly change with respect to basis and the magnitude of the well depth increases with increasing basis. Similar convergence behavior is observed for the other alkali halide systems studied in this work ͑data not shown͒. This behavior suggests that a direct extrapolation of the adiabatic energies near the minimum may be reasonable. On the other hand, the location of the avoided crossing is sensitive to basis, causing qualitative differences in the behavior of the adiabatic energies calculated with different basis sets.
The two lowest 1 ⌺ ϩ adiabatic dipole moments of LiCl ͑without applied electric fields͒ near the crossing distance are shown in Fig. 2 . From 13.7 to 14.5 bohr, the aTZ basis is beyond its crossing distance whereas the a5Z has yet to reach its crossing point. This results in large differences in the dipoles with respect to basis for any separation in this range and therefore makes direct extrapolation of the adiabatic data suspect. The CBS extrapolation procedure from the diabatic representation developed in this work overcomes these difficulties, and is the topic of the next section.
B. CBS extrapolations
CBS extrapolation of adiabatic surfaces
Despite the sensitivity of the adiabatic surfaces and associated property values with basis set in the region of the avoided crossing, transformation into the diabatic representation results in a set of stable surfaces that are more amenable to CBS extrapolation. The CBS extrapolation procedure in the diabatic representation described in Sec. II B 2 results in convergence of both the adiabatic energies at all internuclear separations and a converged location for the crossing point ͑Fig. 1͒.
Additionally, the dipole surfaces for the two lowest 1 ⌺ ϩ states are very well-behaved and follow closely the observed basis set trends ͑Fig. 2͒. A more sensitive test involves the examination of derivatives of the dipole moment surface in the region of the crossing point. A particularly useful quantity is the polarizability: the derivative of the dipole moment with respect to applied field. Figure 3 displays the polarizability surface as approximated from the CBS MIX * extrapolated dipole surfaces with applied electric fields of LiCl overset on the CBS MIX * extrapolated dipole surface without applied electric fields. The crossing region is accompanied by a large change in the dipole moment and a large peak in the polarizability. This type of anomaly in the polarizability is intimately linked to the charge transfer, and represents an important phenomena to capture for models of biological charge transfer events. This is an area that new-generation molecular simulation force fields have yet to overcome.
Comparison of CBS extrapolation procedures
Tables I-IV compare the convergence of properties with respect to basis and the results of the two extrapolation procedures discussed in Secs. II B 1 and II B 2. ''CBS MIX '' and ''CBS EXP '' refer to the direct extrapolation of properties appearing in the series aTZ, aQZ, and a5Z. ''CBS MIX * '' and ''CBS EXP * '' refer to the properties derived from the CBS extrapolated surfaces.
Comparison of the direct versus indirect CBS extrapolation procedure reveal property values that are very close. The indirect procedure shows slightly less variation in geometrical properties ͑ and R e ), but larger variation for the dissociation energy D e . NaF exhibits particularly large variation for D e between the CBS EXP and CBS EXP * procedures ͑1.97, 1.87 and 0.94 mE h for Ϫ0.0005, 0, and 0.0005 a.u. applied fields, respectively͒, and between CBS MIX * and CBS EXP * methods. This in part arises from consistently larger D e values for NaF predicted by CBS EXP * . The predicted crossing distances are all in reasonable agreement between all the CBS forms and procedures, with the exception that there is considerably large variation between R c values for NaCl predicted using the CBS EXP and CBS EXP * procedures (R c ϭ24.19 and 23.11 for CBS EXP and CBS EXP * , respectively͒. As with the observed basis set variation, variation within the CBS methods for R c is larger with larger applied field causing stabilization of the ionic state. Overall the variation between CBS extrapolated values is considerably smaller than the corresponding basis set variation.
In most cases, properties converge with respect to basis smoothly; however, there are exceptions which make extrapolation of the properties suspect. 42 For example, of NaF without applied fields increases from 2.653 bohr ͑aTZ͒ to 2.677 bohr ͑aQZ͒ but then decreases to 2.656 bohr at the largest basis ͑a5Z͒. Interestingly, the two CBS MIX * extrapolation procedures agree to within 0.004 bohr to give values of 2.644 (CBS MIX ) and 2.648 bohr (CBS MIX * ). The exponential extrapolation form agrees less ͑a difference of 0.021 bohr͒ and results in values of 2.655 (CBS EXP ) and 2.634 bohr (CBS EXP * ).
An alternate source of skepticism arises from trends which are better described as divergent rather than convergent. For example, eq of LiCl for both 0.0005 and no applied field show no change upon increasing the basis from aTZ to aQZ but then slightly decrease with the a5Z basis. In both cases the extrapolation procedures and forms agree very well and may be attributed to the small magnitude of the ''divergent'' behavior.
The dipole moments discussed in the tables were determined as expectation values of the dipole operator. However, one can also approximate the value of eq through finite field differentiation of the energy evaluated at R eq with respect to applied electric field. The eq values ͑in the absence of an applied field͒ obtained as dipole expectation values and as finite field ͑Ϯ0.005 a.u.͒ approximations using CBS MIX * are:
2.455/2.584 ͑LiF͒, 2.832/2.815 ͑LiCl͒, 3.279/3.043 ͑NaF͒, and 3.629/3.611 ͑NaCl͒ a.u., respectively.
C. The effect of electric field on crossing distance
Increase of the applied electric field from negative to positive stabilizes the ionic state and results in an increase in R c and decrease in the value of H 12 . The stabilization effects properties near the equilibrium separation as well. In most cases, R e , eq , and D e increase and decreases with greater ion stabilization.
The R c values for the alkali halide systems studied here follow the trend:
LiFϽLiClϽNaFϽNaCl.
This trend mimics the trend in , R eq and eq values, and is the reverse of trend in D e values. The sensitivity of the crossing distances with respect to applied field follow the same trend as the R c values.
The R c value of LiCl is least affected by applied field and that of NaCl is most affected. The applied fields affect the R c values in an asymmetric fashion: a larger affect is observed for fields that stabilize the ionic state. In the case of LiF, the average CBS extrapolated values for R c are 12.53, 13.56, and 15.08 bohr; hence, a destabilizing Ϫ0.0005 a.u. applied field causes a negative shift of the zero field R c value of Ϫ1.03 bohr, and a stabilizing 0.0005 a.u. field causes a positive shift of 1.52 bohr ͑roughly 50% difference in magnitude͒. This asymmetry becomes more exaggerated as the R c values increase such that in the case of NaCl the average CBS extrapolated values for R c are 16.05, 18.40, and 23.45 bohr, resulting in Ϫ2.34 and 5.06 bohr negative and positive shifts with applied field ͑roughly 115% difference in magnitude͒.
D. Comparison of CBS extrapolated crossing distances with previous work
The work of Sousa et al.
14 is important work to compare against. The authors developed a modified form of the Ritt- ner potential to account for applied electric fields and validate the MS-CASPT2 methodology which may be a preferred method for systems exhibiting discontinuities in the SA-CASSCF procedure. 77 Table V compares the crossing distances of LiF, LiCl, NaF, and NaCl between those obtained from the CBS extrapolated surfaces, the work of Sousa et al., 14 Comparison of R c and R c ͑the observed crossing distance and the crossing distance predicted solely on the asymptotic energy gap between the two lowest electronic states, respectively͒ in Tables I-IV shows a close agreement between the two quantities. This suggests the extent of agreement between the crossing distances predicted via the Rittner potential using experimental atomic properties and those observed on the CBS extrapolated PESs is strongly related to the extent of agreement between their asymptotic energy difference, as originally discussed by Werner and Meyer. 15 
IV. CONCLUSION
The weakly avoided crossing of alkali halide systems with and without applied electric fields was examined using full valence SA-MRCI methods in the complete basis set limit. Extrapolation of the diabatic representation and subsequent transformation into the adiabatic representation is shown to reproduce energy and dipole surfaces that obey the qualitative convergence behavior with respect to basis. The CBS extrapolated diabatic and adiabatic energies and dipoles are provided as supplementary material. 38 Two extrapolation procedures for determination of properties in the CBS limit are compared. The two procedures are ͑1͒ the direct extrapolation of the property, and ͑2͒ determination of the property from CBS extrapolated potential and dipole surfaces. Properties such as equilibrium separation, dissociation energy, crossing distance, and diabatic coupling constant are shown to agree well between the two procedures for these systems.
Comparison of crossing distances obtained from the CBS extrapolated surfaces, the Rittner potential using experimental values of atomic properties, and the work of Sousa et al.
14 are made. The CBS extrapolated crossing distances agree very well with the Rittner potential for LiF and moderately well for LiCl, NaF, and NaCl. The set of CBS extrapolated SA-MRCI results, in both diabatic and adiabatic representations and provided over a wide range of internuclear separations, serve as an important set of benchmark calculations for the design of new-generation many-body force fields that strive to more rigorously model polarization and charge transfer events in large multi-scale problems. 
